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1.  Collaborative tools and systems using hyper-
spectral satellite imaging to quantify plant 
species and physiological function at the land-
scape level.

2.  In situ methods to quantify how microbial 
communities respond to dynamic changes in 
environmental conditions.

3.  Identification of model organisms for relevant 
environmental process understanding.

4.  Analytical and computational methods to 
characterize network interactions in microbial 
communities (including microbe-microbe and 
plant-microbe interactions).

5.  Reproducible methods for characterizing sub-
surface microbial processes, metabolites, and 
genomic properties (e.g., metaomics and info-
chemicals) and for establishing mass balances.

6.  Methods to accurately measure and predict 
soil moisture and groundwater on seasonal 
and longer time scales.

7.  In situ and in vivo methods for sampling 
microbes and biofilms without perturbing 
genetic expression and physiological function.

8.  New approaches to address the issue of micro-
bial nonculturability in natural systems.

9.  Measurements and understanding of hydraulic 
redistribution within soils, especially within 
fractured media and as influenced by soil roots.

10.  Databases on global soil characteristics (e.g., 
depth, texture, infiltration, permeability, and 
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nutrient level) and above- and belowground 
vegetation properties.

11.  Methods to quantify mechanisms and rates of 
organic carbon decomposition by microbes in 
permafrost soils (especially under variable and 
fluctuating oxygen and temperature states) and 
to assess their effective production of green-
house gases at larger scales.

12.  Methods to measure microbial community 
behavior at both subzero and above-zero tem-
peratures and under a variety of soil moisture 
and geochemical conditions in permafrost.

13.  Common in situ approaches to quantify in situ 
biogeochemical reaction rates across environ-
ments with different physical and geochemi-
cal characteristics and different microbial 
communities.

14.  Detailed, long-term soil measurements in 
multiple landscapes across Earth.

15.  Computing paradigms that can meet the enor-
mous parallel processing and intensive analysis 
needs for biological, climate, and environmen-
tal data.

16.  Software solutions that enable better access to 
increasingly large, complex, and interrelated 
datasets.

17.  Framework for allowing process models to 
interact meaningfully across molecules to eco-
systems to the whole Earth (i.e., see “Google 
Life” sidebar on p. 46 in BERAC 2010).

[Note: This list was extracted from the Long-Term Vision document (BERAC 2010) and the Complex 
Systems Science for Subsurface Fate and Transport report (U.S. DOE 2010). It contains several similar 
needs identified in each report.]
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18.  Analytical, visualization, and computational 
capabilities for assessing temporal and spatial 
heterogeneity in soil, plant, and subsurface sys-
tems (including organism-gene distribution; 
cells, proteins, and mineral-solid relationships; 
and “whole” macrosystem analysis).

19.  Innovative use of low-complexity subsurface 
communities to aid in understanding more 
complex natural communities.

20.  Plant and microbial genomic approaches for 
system-level understanding (e.g., the Depart-
ment of Energy Joint Genome Institute).

21.  Proxy or diagnostic signatures of critical system 
states or transformations using methods that 
are easier, less invasive, and cheaper to deploy 
or that have larger spatial and temporal extents 
than direct measurements.

22.  Imaging and analytical approaches for sub-
surface microbes, solid phase properties, and 
solutes (e.g., SLAC National Accelerator Labo-
ratory and Environmental Molecular Sciences 
Laboratory).

23.  New methods for measuring key parameters 
such as pH, redox, and solutes within microbial 
communities and at the microbe–plant root 
level.

24.  New experimental approaches and in situ 
sensors for characterizing and measuring 
biogeochemical dynamics at the microbe-
mineral interface.

25.  In situ and remote methods for quantifying 
and modeling feedbacks between microbe-
mediated transformations in the subsurface 
and water flow.

26.  New approaches and methods to quantify the 
influence of smaller-scale processes on higher-
scale behavior (e.g., molecular to pore, pore to 
porous medium, porous medium to field, field 
to ecosystem, ecosystem to landscape, land-
scape to region, and region to globe).

27.  Innovative strategies to interrogate large-scale 
system behavior and develop phenomeno logical 
models for understanding and prediction.
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Acronyms

ARM Atmospheric Radiation Measurement

ASCR Office of Advanced Scientific Computing Research

BER Office of Biological and Environmental Research

BERAC Biological and Environmental Research Advisory Committee

CASK cyberinfrastructure, analytics, simulation, and knowledge discovery

DOE Department of Energy

EMSL Environmental Molecular Sciences Laboratory

IFLs integrated field laboratories

IFRC  integrated field research challenge

JGI Joint Genome Institute

KBase Systems Biology Knowledgebase

LTER Long-Term Ecological Research program

NASA National Aeronautics and Space Administration

NEON National Ecological Observatory Network

NGEE Next-Generation Ecosystem Experiments

NSF National Science Foundation




